The essential oils from the seed and rind of Amomum subulatum Roxb. (collected from Nepal) were obtained by hydrodistillation and analyzed by GC-MS. A total of 87 components were identified among the two essential oils accounting for 99.1%, and 99.0% of the oils, respectively. The two essential oils were dominated by the monoterpenoids 1,8-cineole (60.8% and 39.0%), α-pinene (6.4% and 4.8%), β-pinene (8.3% and 17.7%), and α-terpineol (9.8% and 12.3%). Allelopathic testing of the seed essential oil showed an inhibition of seed germination of Lactuca sativa and Lolium perenne, with IC 50 values of 1583 and 1674 μg/mL, respectively. The seed essential oil demonstrated a stronger seedling growth inhibition of L. perenne than of L. sativa. A. subulatum seed and rind oils also showed moderate brine shrimp lethality (LC 50 = 28.1  3.0 and 15.0 ± 9.0 µg/mL, respectively). The seed and rind oils were only marginally cytotoxic (20% and 30%% kill on MCF-7 cells at 100 μg/mL, respectively), and antibacterial (MIC  313 μg/mL), but A. subulatum rind oil was appreciably active against the fungus Aspergillus niger (MIC = 19.5 µg/mL). The essential oils of A. subulatum were also screened for nematocidal activity against Caenorhabditis elegans and insecticidal activity against the fruit fly (Drosophila melanogaster) and the red imported fire ant (Solenopsis invicta × richteri). The seed oil was only marginally toxic to the fire ant (LC 50 = 1500 μg/mL), but moderately toxic to the nematode and the fruit fly (LC 50 = 341 and 441 μg/mL, respectively).
A. subulatum extracts have demonstrated antiulcerogenic efficacy in a rat model, consistent with traditional use of this plant for gastrointestinal disorders [6a] . Additionally, the essential oil of A. subulatum has been found to inhibit Aspergillus flavus growth and showed antiaflatoxigenic activity, suggesting A. subulatum oil to be an alternative to synthetic food preservatives [6b] . The purpose of this current investigation was to compare the chemical composition of essential oils obtained from the seeds and rind of A. subulatum from Nepal, and to determine the antimicrobial, brine shrimp lethality, cytotoxic, and allelopathic activities of A. subulatum essential oils. In this report, we present the chemical compositions of the seed and rind oils of A. subulatum from Nepal as well as various bioactivity determinations of the oils: Allelopathic (phytotoxic) activity against lettuce (Lactuca sativa) and perennial ryegrass (Lolium perenne); brine shrimp (Artemia salina) lethality; antibacterial activity against Bacillus cereus, Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa; antifungal activity against Aspergillus niger; nematocidal activity against Caenorhabditis elegans; and insecticidal activity against the fruit fly (Drosophila melanogaster) and the imported red fire ant (Solenopsis invicta × richteri).
Essential oils composition:
The seed and rind essential oils of A. subulatum were obtained in 4.5% (seed oil), and 1.0% (rind oil) product yields. A total of 85 compounds were identified, accounting for 99.1% and 99.0% of seed oil and rind oil, respectively. Seventy compounds were identified in the seed oil and 64 in the rind oil. Both essential oils (Table 1) were dominated by the presence of 1,8cineole (60.8% and 39.0%, respectively). The essential oils also contained α-pinene (6.4% and 4.8%), β-pinene (8.3% and 17.7%), α-terpineol (9.8% and 12.3%), and terpinen-4-ol (3.4% and 3.2%). Spathulenol (3.4%) was relatively abundant in the rind oil only. A. subulatum essential oils from Nepal, therefore, are qualitatively similar to previously reported samples from India [5,7a,b] and Pakistan [8a] .
Allelopathic activity: A. subulatum seed oil showed notable germination inhibition of both lettuce (Lactuca sativa) and perennial ryegrass (Lolium perenne) seeds ( Table 2 ). The IC 50 values for germination inhibition were determined to be 1583 μg/mL and 1674 μg/mL, respectively, for L. sativa and L. perenne. Thus, lettuce germination was slightly more susceptible to germination inhibition by A. subulatum oil. Interestingly, however, L. perenne seedlings showed greater growth inhibition (both radicle and hypocotyl elongation) than L. sativa (see Table 2 ). The phytotoxic activity of A. subulatum seed oil can be attributed to the high concentrations of 1,8-cineole and α-terpineol [8b].
Brine shrimp lethality, cytotoxicity, antimicrobial activity: A. subulatum seed and rind oils showed moderate activity in the brine shrimp (Artemia salina) lethality test ( Perillene
Terpinen-4-ol 3. Amomum subulatum essential oil Natural Product Communications Vol. 7 (9) 2012 1235 Nematocidal and insecticidal activity: A. subulatum seed oil was moderately nematocidal to Caenorhabditis elegans (LC 50 = 341 μg/mL). This activity is likely due to the major component, 1,8-cineole, which was also nematocidal (LC 50 = 227 μg/mL). The other major components in the seed oil, α-pinene, β-pinene, α-terpineol, were not nematocidal (LC 50  2000 μg/mL). Both the seed and rind oils of A. subulatum were more toxic toward D. melanogaster (LC 50 = 441 and 493 μg/mL, respectively) than they were against Solenopsis (LC 50 = 1500 and 1150 μg/mL, respectively). The major components of A. subulatum oils had similar activities against D. melanogaster (Table 3) , consistent with fruit fly insecticidal activity. Although 1,8-cineole and α-terpineol were active against the fire ant, A. subulatum oils were essentially inactive toward this organism.
Experimental
Plant material: The dried fruits of A. subulatum were collected from the Terahthum district (27°8′39″N, 87°32′35″E, 2288 m above sea level) in the Mechi Zone of Nepal on 1 st June 2011. The dried fruit was identified by Mr Tilak Goutam. The seeds (110 g) and rinds (100 g) were separated, pulverized, and subjected to hydrodistillation using a Likens-Nickerson apparatus with continuous extraction with CH 2 Cl 2 for 4 h to give clear reddishbrown essential oils (5.0 and 1.0 g, respectively), which were stored at -25ºC until analysis. Allelopathic activity assays: An allelopathic bioassay based on lettuce (Lactuca sativa) and perennial ryegrass (Lolium perenne) germination and subsequent radicle and hypocotyl growth [8b] was undertaken to study the effects of the essential oil of A. subulatum. Stock solutions of the seed essential oil (2.0 g/L essential oil and 1.0 g/L Tween-80 in water) was prepared and used for the assays. Twofold serial dilutions of stock test solutions were prepared to give test concentrations of 4000, 2000, and 1000 µg/mL, with the control being 1.0 g/L aqueous Tween-80. Seeds were placed in 6-well test plates (10 seeds per well) each well lined with two layers of Whatman No. 1 filter paper moistened with test solution, and the test plates were sealed with Parafilm ® . The test plates were incubated at room temperature in the dark for 5 days, after which the number of germinated seeds was determined and the root (radicle) and shoot (hypocotyl) lengths were measured.
Gas chromatographic -mass spectral analysis:

Brine shrimp lethality assay: The brine shrimp (Artemia salina)
lethality test was carried out using a modification of the procedure by McLaughlin [16] . Artemia salina eggs were hatched in a sea salt solution (Instant Ocean ® , 38 g/L) with an incandescent light bulb as the heat source. After 48 h, the newly hatched nauplii were counted using a micropipette and transferred to 20 mL vials. Nine vials each containing 10 A. salina nauplii in 10 mL of sea salt solution (same as the hatching solution) were prepared. Three vials were labeled as controls with the first one containing no DMSO, another with 10 µL, and the last one with 100 µL DMSO. Three replicate vials contained 10 µL of 1% essential oil solution in DMSO, and the other 3 were prepared by adding 100 µL of 1% essential oil solution in DMSO. Surviving A. salina were counted after 24 h.
Statistical analysis:
Calculations were carried out using Excel. Student's t-test [17] was used to compare radicle and hypocotyl test means with controls. Seed germination IC 50 and A. salina LC 50 values were determined using the Reed-Muench method [18] . [18] .
Insecticidal assays: Wild type Drosophila melanogaster were obtained from Carolina Biological Supply and a breeding colony maintained using a Drosophila culture kit. Drosophila medium (2 mL) was placed into each of 5 20-mL glass vials. Three vials were labeled as control, the first containing only Drosophila medium, the second with 20 μL DMSO, and the third with 150 μL of DMSO. Another 2 vials contained 20 μL of 1% essential oil solution in DMSO, and the other was prepared by adding 150 μL of 1% essential oil solution in DMSO. Ten individual fruit flies were transferred into each vial. Surviving fruit flies were counted after 24 h. Worker red imported fire ants, probably Solenopsis invicta × richteri hybrid [21] , were collected from the University of Alabama in Huntsville. Sample solutions of 1000, 500, and 250 μg/mL were prepared in 1% aqueous Tween-80 ® solution. The control was 1% Tween solution. Each assay was carried out using a 400 mL beaker, fitted with a filter paper disk on the bottom. The filter paper was sprayed with 600 μL of sample solution and 20 fire ant workers were transferred to the beaker. The beaker was sealed with Parafilm ® . The mortality of fire ants was recorded after 24 h. The bioassay was carried out at room temperature. LC 50 values were calculated using the Reed-Muench method [18] .
